We use x-ray absorption and magnetic circular dichroism to study electronic configuration and local susceptibility of CePt 5 /Pt(111) surface alloys from well above to well below the impurity Kondo temperature. The anisotropic paramagnetic response is governed by the hexagonal crystal field and ferromagnetic correlations with modified parameters for Ce moments residing next to the alloy surface. Quantitative XMCD evaluations provide direct evidence of Kondo screening of both spin and orbital 4f moments. Magnetic signatures of coherence are not apparent for T ≥ 13 K.
by the interplay of localized and itinerant electronic degrees of freedom. Despite their local character, hybridization and on site Coulomb repulsion give rise to unconventional macroscopic behavior and complex phase diagrams [1, 2] . Dilute magnetic impurities induce a many body singlet ground state, resulting from effective antiferromagnetic interaction between localized and delocalized base states [1, [3] [4] [5] . Accordingly, a considerable density of excitations develops on the scale of the singlet formation energy gain, frequently referred to as the Kondo scale k B T K . While the phenomenology of Kondo physics is often explored with macroscopic probes of the low temperature quasiparticle excitations, electron spectroscopies detect them as the Kondo resonance near the Fermi energy [6] [7] [8] . Involving core levels adds element and orbital specificity and may allow observing the effective impurity valence [9] [10] [11] .
Hybridization and singlet formation being intertwined, T K sets the scales of both the change of average impurity orbital occupation and the screening of its effective paramagnetic moment. As a result, the magnetic response gradually changes from being Curie-Weiss like at T ≫ T K towards a finite, Pauli-like susceptibility as T → 0. This generic behavior is well accounted for by the single impurity Anderson and Kondo models and remains essentially valid at elevated impurity density as long as T > ∼ T K . In Kondo lattices the coherence temperature T * emerges as a yet lower energy scale. It characterizes the onset of interactions between impurities, which ultimately lead to the formation of coherent heavy-fermion
Hybridization concurrently induces indirect magnetic coupling between the localized moments, leading to a competition between the tendencies to screen the local moments on one hand and to order finite moments on the other [1, 12, 13] . It is therefore interesting to specifically observe the local magnetic moments in dense Kondo systems across a temperature window ranging from well above to well below the Kondo temperature. Element and orbital specificity in probing magnetic response can be provided by means of spectroscopy,
i. e. x-ray absorption (XA) and magnetic circular dichroism (XMCD) [14] . XMCD determines the magnetic polarization of the impurity orbitals and hence provides an adequate measure of local susceptibility. We demonstrate below that XMCD measurements on a sufficiently well defined Kondo lattice system allows addressing all essential ingredients gov- Ce M 4,5 XA and XMCD spectra were acquired in the total electron yield mode (TEY) with a custom ultrahigh vacuum superconducting magnet apparatus, attached to the PM3 bending magnet beamline at the BESSY II synchrotron radiation facility in Berlin, Germany.
XMCD was measured at constant helicity (p ≈ 0.93) and by alternating the applied field (µ 0 H = ±1.5 T) at every photon energy setting. Magnetic anisotropy was probed by taking normal (θ = 0 • ) and off normal incidence (θ = 60 • ) spectra in the temperature range 13 K < T < 270 K. The XMCD response consistently proved linear in the applied field.
We hence take the Ce polarization at finite field as a measure of the local paramagnetic 4f susceptibility. Total Ce 4f moments µ Ce are derived from the orbital moment sum rule [28] assuming the atomic value g = 6/7 for the Landé factor and hence µ Ce = 0.75µ L . This procedure is most appropriate since the µ L sum rule is robust in the light rare earth metals [ 29, 30] , whereas proper evaluation of the spin sum rule is impeded by strong configuration interaction between M 5 and M 4 excitations [30] [31] [32] . Still, XMCD sum rule evaluations require the TEY to be linear in the XA cross section, which critically depends on the ratio of absorption length and electron escape depth λ e [33, 34] . Beyond the material presented below, we have therefore collected auxiliary angle and alloy thickness dependent datasets from which we determine λ e ≈ 1.5 . . . 2 nm and conclude that TEY saturation induced relative errors in the magnetic moment evaluations amount to less than 5%. The experimental λ e , while comparable to the late 3d metals [33] , is considerably smaller than frequently assumed for rare earth materials [15, 34] . XMCD experiments with TEY detection thus require particular caution, especially when a comparison to bulk properties is aimed at [35] . A more detailed account of thickness dependent XA and XMCD results shall be given elsewhere [36] . shoulder corresponding to core excited states of f 2 and f 1 character, respectively [9, 31, 35, 37] . The appearance of the latter in the XA spectra reflect an f 0 admixture in the initial state valence configuration. The Kondo interaction entails a temperature dependent 4f occupation n 4f (T /T K ) [1, 38] and relative f 0 → f 1 spectral weights can be used to estimate T K [37, 39] . Due to incomplete knowledge about, e. g., initial and excited state hybridization, the determination of n 4f from XA experiments is not fully quantitative. Comparing the maximum relative changes of the f 1 and f 0 initial state spectral weights we estimate that n 4f ≈ 0.9 in the low temperature limit. On this basis we plot n 4f vs. specimen temperature in Fig. 2 .
Along with the experimental data, we show rescaled calculated results for the single impurity Kondo problem from Ref. 38 . The good agreement reflects the well-known observation that the high temperature (T > ∼ T K ) behaviour of heavy fermion systems resembles the one of single impurities [1] .Based on this comparison, we estimate T K ≈ 85 K, fully in line with the observation of the Kondo resonance at T = 66 K in photoemission. [24] .
Returning to the XA and XMCD data in Fig. 1 , we observe minor spectral differences between normal and off normal incidence spectra, i. e. small linear dichroism owing to the hexagonal symmetry. By contrast, the magnetic anisotropy derived from the XMCD magnitude is much stronger and amounts to about χ 60 • /χ 0 • = 4 at T = 20 K, which translates to an anisotropy χ /χ ⊥ = 5 between the susceptibilities along and perpendicular to the hexagonal axis, respectively. The m J levels of the 4f 1 configuration not being mixed by a hexagonal CF, we can unanimously determine the ground level from the single ion anisotropy. Based on second order expressions for the susceptibility [40] we write the anisotropy as
which only depends on temperature and the CF splitting, given by ∆ 1 = E 3/2 − E 1/2 and The low temperature 4f moment resulting from the χ −1 data of Fig. 3 amounts to µ ef f = 0.43(2)µ B , and is thus reduced to below 60% of the expected value. We take this as immediate evidence of Kondo screening of the local Ce moment. The essentially temperature independent XMCD spectral shape clearly indicates that spin and orbital parts of the Ce 4f moment are screened alike, as expected from the Coqblin-Schrieffer model [41] .
Calculated scenarios do report on relative moment reductions of the same order upon cooling through the Kondo temperature [42, 43] . In our experiments we thus directly observe partially screened Ce 4f moments with mutual interactions of predominantly ferromagnetic character .
These findings appear to contrast the observation of antiferromagnetism in bulk CePt 5
at very low temperature (T N = 1 K) [44] . We suggest that our observations result from the specimen geometry: in the ultrathin surface alloys, the magnetic fluctuations may be dominated by interactions within the atomic layers hosting the Ce atoms, while interlayer interactions might become important at lower temperatures and with a larger number of layers, only. Concerning ordering within the hexagonal CePt 2 planes, our data suggest a possible ferromagnetic instability at T < ∼ 10 K. Accordingly, we conjecture that the volume phase of CePt 5 probably is a layer wise (type II) antiferromagnet.
The numerical results for the CF energies ∆ 1 , ∆ 2 call for a cross check of the magnitude of the magnetic anisotropy on the basis of the formula given above. Indeed, a larger anisotropy is expected with these CF level splittings, further enhanced by the magnetic coupling (Θ p > 0). Given the surface sensitivity of XMCD one might suspect the occurrence of a modified magnetic anisotropy at the surface. We have therefore investigated an alloy film of reduced thickness for comparison, as outlined above. XA spectra at high and low temperature, respectively, show magnitudes of f 0 initial state character and valence change upon cooling which are comparable to the data presented in Figs. 1 and 2 , suggesting a similar Kondo screening to occur. The XMCD response, however, is significantly altered (Fig. 4) , simultaneously being enhanced at normal incidence and reduced in off-normal ge- K) compared to the thicker alloy film. The assumption of the subsurface CePt 2 layer possessing a strongly reduced anisotropy and a homogeneous CePt 5 film underneath provides a consistent scenario for our observation and proves to be in accordance with results on a wider range of surface alloy thickness [36] . Such a modification can readily be rationalized as to arise from the different coordination of the Ce atoms in the topmost Ce-containing layer. In particular, a strong reduction of ∆ 1 would provide a rational basis for reduced magnetic anisotropy of the surface-near Ce ions. These considerations strongly underline that great caution is required when applying surface sensitive methods to rare earth alloys.
In the present case, the discrimination of surface vs. "bulk" properties is facilitated by the fact that reasonably well ordered alloy films can be prepared over an extended range of alloy thickness.
We finally note that the Ce 4f susceptibility does not bend off to a finite, temperature independent value. Thus, while impurity Kondo screening is evident in our experimental data, there is no obvious signature of coherence for T ≥ 13 K, suggesting a lower scale for the full development of the heavy fermion state. In addition, the proximity to a ferromagnetic instability may stabilize the Curie-Weiss behavior in the CePt 5 surface alloys.
In conclusion, we have presented an experimental investigation of the magnetic response Curie Weiss temperature suggests a ferromagnetic instability to occur around T < ∼ 10 K, presumably due to RKKY coupling within the hexagonal CePt 2 planes. It will be most interesting to carry through these investigations to lower temperatures in order to follow the evolution to a potentially magnetically ordered coherent heavy fermion state. Due to its inherent element and orbital specificity, direct evidence of both ordered and screened local moments would be provided by XMCD. Work along these lines is currently in progress.
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